.
To second order in the hopping t, Moriya where the index i has been dropped from E, U, and K.
We checked this calculation against results (shown in Fig. ) .25 eV [14] . We also checked that the j~, shown in (7) (dotted line) with the exact diagonalization results (solid line).
We took E, = E"=1. 8 [15] .
Although our analytic and numerical results for the anisotropies are in close agreement with each other, the use of perturbation theory to estimate the isotropic exchange, J,", is less satisfactory, as also observed by others [18] . For the generic model, perturbation theory is reliable because t/U is small. In contrast, when one adds the oxygens, the parameter t/E~i s sufficiently large to lead to disagreements between the lowest order perturbation results and those from the exact diagonalization of the 325 state Cu-0-Cu cluster. These disagreements arose due to terms which are of higher order in t/E~. However, these terms contribute little to the anisotropies. Similar difficulties with perturbation theory were encountered by Eskes and Jefferson [18] , who reproduced the experimental J,"by invoking hopping (of magnitude t~~) between nn oxygen ions. To study the effect of tpp on the exchange anisotropy, consider a Cu-0-Cu-0 cluster, where the 2 oxygens are nn (on 2 perpendicular bonds). Within such a cluster, one would obtain an effective symmetry breaking hopping toz of order to~t~"tz~"/Ep, Ep . [16] . ) Thus the equivalence between Eqs. (4) and (3), and therefore also the hidden symmetry found in Ref. [6] , break down at this high order.
More generally, when U p = U + AU p depends on its indices, both our numerical and analytical results show that the degeneracy is broken at order t A 6 U even when K = 0. (2) Equation (7) yields an out of plane spin anisotropy which may explain the related spin wave gap observed
